Groundwater samples of shallow and deep tubewells were collected from the different villages of Bhaluka upazilla in Bangladesh to assess their quality status for drinking, irrigation and livestock consumption. Different parameters of waters were determined to evaluate the quality. All the waters were alkaline in nature and electrical conductivity classified the samples as "good" for irrigation, while the TDS categorized the samples "highest desirable" limit for drinking and "fresh water" for irrigation and were suitable for drinking, irrigation and livestock consumption. Chloride content rated 2 samples unsuitable for livestock consumption. The concentrations of Zn were within safe limit, but Fe and Mn contents rated almost all the samples unsuitable for drinking and livestock consumption.With respect to Cu concentration, 8 samples were found unsuitable for long-term irrigation on all types of soils. Out of 17 samples, 12 samples classified as "excellent", 4 as "good" and 1 as "doubtful" for irrigation due to different level of B. Ca, Mg, Na, K and P quantities of all the samples were within safe limit. SAR and EC rated all the samples as "medium salinity" and "low alkalinity" class and hardness of most of the waters were "hard water" class for irrigation.
Introduction
Water is a natural component beneficial for human civilization. The quality of water is a great challenge for this century. The use of water for drinking, irrigation, aquaculture and other domestic purposes by human beings is generally conceded to be its highest and most essential use. On an average a person uses about 70000 litres of water during his lifetime. In U.K. demand for domestic water in 2000 A. D. was about 235 litres per person per day, while it was only 156 litres in 1966. In warmer region of the world, the domestic demand may go up to 500 liters (Goel, 2006) . Total quantity of water used for irrigation is rather large. According to an estimate about 41% of all the water used in USA is for irrigation. In India, agriculture accounts for over 80% of total water use. It is estimated that nearly 3500 litres of water per person per day is used just for irrigation. This quantity is several times higher than the average domestic demand. Estimates also show that for obtaining 1 kg each of wheat, rice, meat and milk about 600, 2000, 25000 and 400 litres of water is required, respectively (Goel, 2006) . The quality of water depends upon purpose of water use.
The supplies for the drinking and domestic uses should be pure that is without risk from chemical and biological contents. It should also not contain dissolved mineral and organic matter above recommended limit. The international standards of Zn, Cu, Fe and Mn for drinking are 5.0, 0.05, 0.1 and 0.05 ppm, respectively (WHO, 1971) . Where as the concentration of these elements for irrigation are 2.0, 0.2, 5.0 and 0.2 ppm respectively (Ayers and Westcot, 1985) . Water is called the universal solvent as it dissolves more substances than any other solvent. Being a polar molecule, it is very efficient in dissolving particularly the substances in which the atoms are held by ionic bonds. Besides this, several gases and organic molecules can also be dissolved in water. The inertness properties of water makes it a very important substance in the living beings where all essential material can be transported, unchanged within the body of plant and animals. A large portion of about 70% of the body weight of most organisms including human being is constituted with water. In fact, life on this planet could have been possible only because of the presence of abundant water. All the organisms use water for their metabolic processes and all the biochemical reactions in the body of the organisms take place in the water medium. Water has got an exceptional quality of dissolving a number of substances without changing their chemical nature and therefore plays an important role in transporting materials in the body of the organisms. Unfortunately, this very important property of dissolving also makes water highly prone to get polluted by various means.
All natural waters containing soluble inorganic ions mainly the weathering products of rocks and minerals released and transported by the action of water. Hence the nature and concentration of ion in water depends upon the nature of rocks and minerals, its solubility and weatherability in fresh water or carbonated water, climate and local topography. Whatever may be the source of water some soluble salts are always dissolved in it. However, the nature and quantity of dissolved salts depend upon the source of water and its course before use. The main soluble constituents of water are Ca, Mg, Na and sometimes K as cations and Cl, SO 4, HCO 3 , and sometimes CO 3 as anions. However, ions of some other elements such as Li, Si, Br, I, Cu, Ni, Co, F, B, Zr, Ti, V, Ba, Ru, Ce, As, Bi, Sb, Be, Cr, Mn, Pb, Mo, Se, and P and organic matter are present in minor quantities (Michael,1997) .Quality water is necessary for every type of use ,but the quality of natural water is judged by its total salt concentration ,relative proportion of cations and anions ,the concentration of toxic substances like As, Cd, Cr , Pb, Hg, Co, Cu, Mn , Fe, Mo, B, etc. It can be said that any element present in water above international recommended limit for specific use may be treated as pollutant. The chemical composition of water is major factor in determining its quality. Toxicity levels of trace elements range from 20 to 50 fgg -1 (fg means femtogram, 1 femtogram = 10 -15 grams) for Cu and billion to several hundred fgg -1 for Mn ,Mo and Zn (Gupta and Gupta,1998) . If low quality water is used for irrigation, drinking, aquaculture, livestock and poultry consumption and other purposes, ionic toxicity may appear (Zaman and Rahman, 1996) . However, the groundwater status of the study area was assessed to find their suitability for drinking, irrigation and livestock consumption based on international standard.
Materials and Methods
Seventeen water samples were collected from the shallow and deep tubewells of Bhaluka Upazilla under Mymensingh district in Bangladesh. Among these, eight samples were collected from deep tubewell and nine samples were collected from shallow tubewell following methods outline by APHA (2000) and Tendon (1995) .The analytical works were performed in the Department of Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh.
The pH, EC and TDS were determined following methods mentioned by Tandon (1995) . CO 3 and HCO 3 were determined acidimetrically and argentometric titration was followed for the determination of Cl after Upadhyay and Sharma (2002) . Ca and Mg were determined by complexometric method of titration Chopra and Kanwar (1986) . Na and K were determined flame photometrically while Zn, Cu, Fe and Mn were determined with the help of AAS following method outlined by APHA (2000). Spectrophotometric method was followed for the determination of P and B Page et al. (1982) . Sodium Adsorption Ratio (SAR), Soluble Sodium Percentage (SSP), Residual Sodium Carbonate (RSC) and Hardness (H T ) of samples were calculated following standard formula mentioned by Mishra and Ahmed (1993) , Richards (1968) and Michael (1997) . Quality classification and suitability judgments of water samples for drinking was done according to the standard of WHO (1971) and USEPA (1975) . The samples were rated for irrigation following standard as mentioned by Wilcox (1955) , Ayers and Westcot (1985) , Freeze and Cherry (1979) , Todd (1980) , Sawyer and McCarty (1967) , Eaton (1950) and Richards (1968) . Water quality used for livestock was rated following standard outlined by Ayers and Westcot (1985) , respectively. Statistical analyses were done following methods outlined by Gomez and Gomez (1984) with the help of computer package M-STAT.
Results and Discussion pH, electrical conductivity (EC) and total dissolved solids (TDS)
The pH of the water samples varied from 7.22 to 9.35 with the mean value of 8.20 (Table 1 ). All the waters were alkaline and none of the sample was found acidic or neutral. According to WHO (1971) , 14 samples were in "highest desirable" and 3 were "maximum permissible" limit ( Table 2 ). The maximum recommended limit of pH for irrigation is 6.5 to 8.5 Ayers and Westcot (1985) . Based on their recommendation, out of 17 samples 4samples were unsuitable for long-term irrigation. EC of the waters ranged from 331.36 to 667.20 µS cm -1 having mean, SD and %CV of 445.17, 93.00 and 20.89, respectively (Table 1 ). All the samples were "good" class for irrigation according to Wilcox (1955) . Salinity and alkalinity hazard rated the samples "medium salinity" (C2) and "low alkalinity" (S1) class (Richards, 1968) . Total dissolved solids (TDS) ranged from 200.00 to 450.00 mg L -1 with the average value of 355.05 mg L -1 . The respective SD and %CV were 56.81 and 16 (Table1). TDS categorized all the samples under "highest desirable" limit for drinking and "fresh water" for irrigation (Table 2 and 3) , according to WHO (1971) and Freeze and Cherry (1979) . TDS rated all the samples suitable for drinking, irrigation and livestock consumption. , with the mean, SD and %CV of 0.694, 0.693 and 99.85, respectively, which were higher than the findings of Nizam et al.(1999) and Zaman et al., (2001) . Average Cl content of the present study was much below the average Cl contents of the samples studied by Karim et al. (2013) in the coastal area of BAngladesh. Their study area was very close to the coastal belt of Bangladesh for that reason they obtained such type of higher Cl content. Since the present study area was far away from coastal belt therefore such type of low Cl contents were obtained and from the result it was also clear that the Cl content of ground water generally decreased with the increase of distance of sea level. Cl contents rated all the sample suitable for drinking (Table 2) and 2 samples (no. 3 and 4) collected from Bhawaliabazu and Birunia village unsuitable for livestock drinking because of Cl > 30 mg L -1 (Table 4) , since the recommended concentration for drinking was 250 mg L -1 and for livestock drinking was 30 mg L -1 Ayers and Westcot (1985) . . The respective mean, SD and %CV were 3.00, 94, 0.95 and 24.11. The presented average value of HCO 3 was very close to the average value of the samples analysed by Nizam et al. (2012) and very less than that of the result of Karim et al. (2013) . HCO 3 content of the present samples would not be harmful for plumber fixing.
Calcium (Ca), magnesium (Mg), sodium (Na) and potassium (K)
The quantities of Ca and Mg were within the limit of 0.80 to 2.00 me L -1 and 1.50 to 4.00 me L -1 .The respective mean values were1.176 and 2.529 me L -1 (Table 1 ). The average Ca and Mg contents were higher than the results of Rahman and Zaman (1995) , Zaman and Majid (1995) and Zaman et al. (2001) . But Ca content was less and Mg content was higher than the results of Karim et al. (2013) . It might be due to the differences of ground aquifers and mineral contents of the soils. However, according to the recommendation of WHO (1971) , Ca contents categorized all the samples as "maximum permissible" and for Mg 11 samples as "highest desirable" and 6 were "maximum permissible" limit ( Table 2) .
The values of Na and K of the samples were varied from 0.250 to 0.351 and 0.006 to 0.300 me L -1 , with the respective mean value of 0.271 and 0.029 me L -1 (Table 1 ). The average value of Na and K contents were far below the results of Karim et al. (2013) it might be because of variations of mineral contents soils of the study area. , respectively (Table1). With respect to Zn and Cu contents all the 17 samples were within the recommended limit of USEPA (1975) and were not toxic for drinking and livestock consumption (Table2 and 4) . Cu concentration given in Table 3 indicated that 8 samples were unsuitable for irrigating continuously on all soils. Based on Fe content only one sample was suitable for drinking and livestock consumption as recommended by WHO (1971) , USEPA (1975) and Ayers and Westcot (1985) . Moreover, rest 16 samples were unsuitable for drinking and livestock consumption ( Table  2 and Table 4 ). Mn values suited only one sample for drinking and 13 samples for irrigation and only two samples for livestock consumption. Besides this, due to higher Mn concentration 16 samples were unsuitable for drinking and 15 for livestock consumption.
Phosphorus (P) and boron (B)
P and B content ranged from trace to 0.290 and 0.140 to 1.10 mg L -1 , with the mean value of 0.060 and 0.310 mg L -1 (Table1). Based on Wilcox (1955) , B contents rated 12 samples under "excellent", 4 were "good" and 1 as "doubtful" class for irrigation (Table3). Water containing B of doubtful grade should not be used for irrigating agricultural crops, resulting ionic toxicity may appear.
Soluble adsorption ratio (SAR), soluble sodium percentage (SSP), residual sodium carbonate (RSC) and hardness (H T )
